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ABSTRACT. Tropical forests continue to be plagued by the dual sustainability challenges of deforestation and rural poverty. We seek
to understand why many of the farmers living in the Brazilian Amazon, home to the world’s largest tropical agricultural-forest frontier,
persist in agricultural activities associated with low incomes and high environmental damage. To answer this question, we assess the
factors that shape the development and distribution of agricultural activities and farmer well-being in these frontiers. Our study utilizes
a uniquely comprehensive social-ecological dataset from two regions in the eastern Brazilian Amazon and employs a novel conceptual
framework that highlights the interdependencies between household attributes, agricultural activities, and well-being. We find that
livestock production, which yields the lowest per hectare incomes, remains the most prevalent land use in remote areas, but many
examples of high income fruit, horticulture, and staple crop production exist on small properties, particularly in peri-urban areas. The
transition to more profitable land uses is limited by lagging supply chain infrastructure, social preferences, and the fact that income
associated with land use activities is not a primary source of perceived life quality. Instead subjective well-being is more heavily influenced
by the nonmonetary attributes of a rural lifestyle (safety, tranquility, community relations, etc.). We conclude that transitions away
from low-income land uses in agricultural-forest frontiers of the Brazilian Amazon need not abandon a land-focused vision of
development, but will require policies and programs that identify and discriminate households based on a broader set of household
assets, cultural attributes, and aspirations than are traditionally applied. At a broader scale, access to distant markets for high value
crops must be improved via investments in processing, storage, and marketing infrastructure.
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INTRODUCTION
Tropical forests are among the Earth’s most important ecosystems
and supply a diverse range of ecosystem services at local, regional,
and global scales. Currently, these ecosystems are critically
threatened by agricultural expansion for internationally traded
commodities such as soybeans, palm oil, and beef (Hansen et al.
2013). As this multibillion dollar segment of the global economy
has grown it has been accompanied by an increasing
concentration of the tropical land base into fewer large farms
(Pacheco 2012a, VanWey et al. 2013, Weinhold et al. 2013). Yet,
a majority of the farmers in humid forests remain impoverished,
often depending on subsistence agriculture for their livelihoods
(Sunderlin et al. 2003).  
For major development and conservation initiatives to deliver
anticipated benefits to rainforest nations it is necessary to better
understand the enabling conditions that can help catalyze
pathways to improved well-being for all inhabitants of frontier
landscapes, not just major producers of export commodities. This
challenge is especially pronounced in the Brazilian Amazon,
where agricultural exports have increased since 2005, yet rural
income, education, and health remain well below the national
average (Nepstad et al. 2014, Valentim and Garrett 2016).  
The underlying causes of large-scale patterns of deforestation and
agricultural expansion in the Brazilian Amazon, including
changing global diets, domestic currency depreciation, state
sponsored colonization, road building, agricultural subsidies,
weak property rights, urbanization, and household demographics
have been well documented (Moran 1993, Nepstad et al. 2001,
Perz 2001, Geist and Lambin 2002, Richards et al. 2012, DeFries
et al. 2013). Yet these analyses fall short of explaining why so
many inhabitants of Amazonian agricultural-forest frontier
landscapes remain engaged in agricultural activities that garner
very low incomes and generate high levels of environmental
damage, epitomized by extensive cattle-raising. This situation
persists despite improvements in the enforcement of conservation
policies in the region and a surge in voluntary environmental
commitments within soybean and cattle commodity chains
(Börner et al. 2015, Gibbs et al. 2015, 2016). Deforestation and
pasture expansion in the Brazilian Amazon remain high in
absolute terms (INPE 2016a), and forest clearance for cattle
pastures remains the largest direct driver of forest loss on both
small and large farms in the region (Pacheco 2012b, INPE 2016b).  
To address this research gap about the local factors influencing
the persistence of low-income and unsustainable land use
activities in the Amazon we ask three questions: (Q1) How does
farm income differ across land uses? (Q2) How do household
attributes, e.g., assets, background, accessibility, etc., shape land
use choices? (Q3) How do land uses and their associated monetary
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Fig. 1. Locations of case studies and properties sampled in the Eastern Amazon. Figure (a) Shows the case study
region of greater Santarém, which includes the counties of Santarém, Belterra, and Mojui dos Campos. Figure
(b) shows the case study region of Paragominas. In total we surveyed 499 properties (shown in grey).
outcomes, together with underlying household attributes
influence the well-being of rural households? By examining these
interlinked questions, we seek to explain why existing environment
and development policies based predominantly on traditional
asset deficiencies (land, labor, and machinery) and monetary
outcomes have been unable to catalyze wide-scale transformations
toward higher income and potentially less environmentally
damaging activities in the agricultural-forest frontiers of the
Brazilian Amazon.  
We apply these questions to two highly socially and
environmentally heterogeneous regions in the eastern Brazilian
Amazon (Fig. 1) that typify the close juxtaposition of export-led
agriculture and persistent rural poverty in Amazonia in a dynamic
forest frontier setting, yet possess unique environmental
governance attributes (see A1.1 for more details on case selection).
Using a comprehensive social and environmental dataset that was
assembled by the Sustainable Amazon Network between 2010
and 2011 (http://www.redeamazoniasustentavel.org/; Gardner et
al. 2013) we assess how a priori differences in household attributes
determine patterns of land use and subjective well-being. In
examining these relationships, we uncover possible explanations
for why so few farmers are willing or able to adopt higher income,
less environmentally damaging agricultural activities, in
particular, why extensive cattle ranching remains so prevalent in
Amazonia despite major transformations in rural livelihoods
elsewhere in the tropics. We conclude by discussing how our
findings may be used to improve the design of policies in Brazil,
without necessarily abandoning a “land-focused” vision of
development (Rigg 2006).
BACKGROUND AND HYPOTHESES
Existing theory and empirical analysis from agricultural
economics and land change science suggest that current patterns
of land use are the aggregate outcome of individual farmers acting
to maximize their utility, given the assets they are endowed with
(Officer and Halter 1968, Walker 2004). These studies typically
focus on a narrow set of assets, including land, labor, and
manufactured capital, concluding that the relative abundance of
these key assets within a particular region plays a pivotal role in
determining regional (and intra-household) land use choices.
However, parallel research from development studies and political
ecology has provided a deeper understanding of the context
dependency of livelihood strategies, taking into account a broader
range of household attributes, including gender, experiences,
institutions, relationships, access, trust, obligations, norms, and
institutions (Ribot and Peluso 2003, WinklerPrins and de Souza
2005, Ostrom 2009, Wollni and Brümmer 2012, Garrett et al.
2013, Rausch 2014). Because current household attributes and
land use activities are heavily influenced by historical asset
deficiencies and land use systems, as well as coevolving social and
ecological systems, rural livelihood activities are often highly
resilient to efforts aimed at changing behavior (Allison and Hobbs
2004, Wilcox 2017).  
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A source of agreement between both literatures is that
background processes of globalization, urbanization, migration,
and infrastructure development are enhancing flows of ideas,
money, and goods within and between rural and urban areas,
leading to livelihoods that are increasingly pluralistic, engaging
in both on and off-farm employment, and multilocal, occupying
both urban and rural spaces simultaneously (Rigg 2006, Padoch
et al. 2008, Greiner and Sakdapolrak 2013, Parry et al. 2014,
Hecht et al. 2015). Consequently, changing urban diets,
remittances, and nonmaterial flows between urban and rural areas
may have a substantial impact on rural land use decisions.
Migrants from cities settling in peri-urban regions may exhibit
different attributes and aspirations than longstanding agrarian
communities (Macdonald and Winklerprins 2014).  
In looking beyond drivers of land use to examine the social
consequences of agricultural activities, work on sustainable
livelihoods has also underscored the importance of adopting a
more nuanced conceptualization of the ways that agricultural
activities may influence well-being (Scoones 1998, Bebbington
1999). Agricultural activities generate many benefits beyond
income, such as lifestyle, spiritual value, social connections, and
independence. Consequently, improved economic outcomes do
not always translate into improved well-being and agricultural
activities are often an end into themselves, not just a means to an
end (Beckley 1995, Key and Roberts 2009, Knight et al. 2009).
For this reason, a person’s subjective well-being (one’s perception
of well-being measured as the response to questions regarding,
for example, their level of happiness and satisfaction) can offer a
more holistic measure of how well-off  households are compared
to that which is possible when only assessing monetized measures
such as consumption, income, or savings (Diener and Seligman
2004). Moreover, any disconnect between income and well-being
levels also serves to highlight the difficulties in understanding the
drivers of land-use change when focusing exclusively on income
measures.  
The literature on cattle ranching, one of the most ubiquitous and
persistent land uses in Brazil and in our study regions (Wilcox
2017), offers several specific hypotheses regarding the importance
of household attributes and nonmonetary benefits for land use
choices and well-being outcomes. First, extensive cattle ranching
is thought to have low and less seasonal labor demands relative
to most systems of crop production (Hecht 1993, Muchagata and
Brown 2003), particularly nonmechanized fruit and horticulture
production (Nepstad et al. 2001). This makes it an appealing land
use in regions where labor is scarce, but land is abundant (Wilcox
2017). Second, in the context of volatile and uncertain land and
currency markets, cattle ranching provides a low cost and low risk
way to maintain control over a large land area and take advantage
of speculative opportunities, while also building up a savings
account, via the cattle themselves (Hecht 1993, Bowman et al.
2012, Campbell 2015). Third, cattle ownership has been long
viewed as a status symbol in Latin American culture (Walker et
al. 2000, Hoelle 2011). The prestige associated with cattle
ranching in Amazonia can mask its low returns, creating an
informational and cultural barrier to change (Hoelle 2011, Gomes
et al. 2012).  
Here we interweave these complementary research areas of land
change science, political ecology, and sustainable livelihoods to
provide a novel theoretical framework to advance current
understanding of the development and distribution of
agricultural activities and farmer well-being in the cattle
dominated agricultural-forest frontiers typical of Amazonia (Fig.
2). Critically, our framework helps make explicit the degree to
which rural well-being in these regions is influenced by myriad
conditions beyond income, including nonmonetary benefits
associated with agricultural activities and underlying household
attributes, and the way in which these activities are, in turn, partly
shaped and selected by differences in well-being. In doing so we
seek to shed more light on the complex factors underpinning the
persistence of low income and environmentally degrading land
uses.
Fig. 2. Factors that influence the subjective well-being of rural
households in relation to agricultural activities. A household’s
land use choices are influenced by a broad spectrum of assets
and attributes. Productive assets, which are composed of
natural, human, and manufactured capital, and underlying
financial, social, and knowledge capital assets all influence a
household’s ability and incentives to pursue specific activities.
Cultural backgrounds, physical location, and past agricultural
activities in turn influence the ability of households to
accumulate assets. Current land use and management choices
determine farm and forest income, which in turn interacts with
off-farm income, household attributes, and agricultural
activities to influence subjective well-being.
METHODS
Data
The Sustainable Amazon Network dataset collected ecological
data from a stratified random sample of 367 transects distributed
across 36 watersheds in the two regions of Santarém and
Paragominas. These data were cocollected with socioeconomic
survey data from up to 20 randomly selected rural properties
within each watershed for a total of 623 households and 499
properties (several properties contained more than one household
and some households had more than one property). All data were
collected between 2010 and 2011. The ecological data at the
transect scale include both land cover and soil characteristics. The
socioeconomic data include details on land use and household
assets, including origin, residence time, education, labor, tenure,
credit access, group membership, and technical assistance.
Farmers were asked to report details on land use for each property
during the prior growing season (2009/2010) as well as 2006/2007.
Respondents were asked to report information on their assets at
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Table 1. Distributions and descriptive statistics for all explanatory variables analyzed in this study.
 
Variable Description Scale Santarém Paragominas
Mean GINI Mean GINI
Human capital
Labor Number of people in household >15 years of age H 2.61*** 0.45 1.53*** 0.66
Education Level of education (years) H 10.04* 0.22 8.79* 0.18
Female Female head of household (1,0) H 18% 0.17 14% 0.14
Natural capital
Property Size Total property area, includes forest (ha) P 198*** 0.83 640*** 0.81
Farm Size Property area in agriculture (ha) P 70*** 0.85 406*** 0.75
Water Access Have access to dam or stream (1,0) P 5%† 0.98 2%† 0.95
Forest Proportion Proportion of total area in primary forest (%) P 20 0.71 23 0.59
Manufactured capital
Machinery Have access to machinery - includes both ownership and rental (1,
0)
P 54% 0.45 59% 0.66
Financial capital
Govt. Cred Have government credit (1, 0) P 23%* 0.77 32%* 0.68
Knowledge and Social capital
Govt. Assist Have government tech assist (1, 0) P 16%* 0.84 25%* 0.75
Agric. Association Social groups in which the farmer participates (#) P 1.23 0.32 1.17 0.30
Title Secure land ownership with definitive title (1, 0) P 33% 0.67 36% 0.64
Other Attributes
Origin Origin - North (1, 0) H 49% 0.51 49% 0.51
Origin - Northeast (1, 0) H 25%** 0.75 15%** 0.85
Origin - Centerwest (1, 0) H 1% 0.99 2% 0.98
Origin - South (1, 0) H 12%* 0.88 3%* 0.97
Origin - Southeast (1, 0) H 1%*** 0.99 13%*** 0.87
Residence Time Time that the household has resided at the property (years) H 24*** 0.32 14*** 0.38
Transport Time Time get from property to the city center (hours) H 1.50 0.36 1.46 0.36
Expenditures and Income
Farm Expenditures Total farm costs. US$ P 10,641* 0.93 26,897* 0.89
Farm Income Total farm product income. US$ P 18,557* 0.94 38,623* 0.92
Forest Income Total forest product income. US$ P 40 0.57 5,010 0.59
Off-farm Income Total household income not derived from farming activities.
Includes wage labor, remittances, and conditional cash transfers.
US$
H 3,308 0.52 3,135 0.56
Income Diversity Number of income sources (maximum of 3, farm, forest, and off-
farm income)
H 1.7 0.21 1.7 0.25
Satisfaction
Life quality Reported satisfaction with “life in general in the region where you
live”
(1–3 - “poor,” “okay,” “good”)
H 2.7** 0.09 2.5** 0.11
Rural work quality Reported satisfaction with “opportunities to work locally”
(1–3 - “poor,” “okay,” “good”)
H 1.4*** 0.22 1.9*** 0.23
Urban work quality Reported satisfaction with “opportunities to work in the city”
(1–3 - “poor,” “okay,” “good”)
H 1.6** 0.24 1.8** 0.24
Transportation Reported satisfaction with “access to transportation”
(1–3 - “poor,” “okay,” “good”)
H 2.3* 0.17 2.1* 0.22
Cultural activities Reported satisfaction with “cultural and sporting activities”
(1–3 - “poor,” “okay,” “good”)
H 2.2*** 0.18 2.0** 0.21
Education Reported satisfaction with “access to quality schools”
(1–3 - “poor,” “okay,” “good”)
H 2.3 0.17 2.2 0.19
Health services Reported satisfaction with “health services”
(1–3 - “poor,” “okay,” “good”)
H 1.9*** 0.21 1.6 0.23
Neighbors Reported satisfaction with “quality of neighbors”
(1–3 - “poor,” “okay,” “good”)
H 2.9 0.04 2.9 0.04
Security Reported satisfaction with “security”
(1–3 - “poor,” “okay,” “good”)
H 2.6*** 0.13 2.4*** 0.17
Migration probability Would you sell your property and move to another region? H 0.11 0.89 0.15 0.85
Notes: P = property level (# of observations = 465 total, 328 with full data), H = household level (# of observations = 623 aggregated to the property level
by head of household). Statistics presented here are not mean or variance scaled. USD calculations made using exchange rate of 0.60 for 2010–2011.
†indicates that the means within each region are significantly different at the 90% level using a two sided students t-test, * = 95%, ** = 99%, and *** = 99.9%.
R package “stats” is used for this calculation. The GINI coefficient for each asset is calculated using R package “ineq.”
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the household level for the current year (2010/2011). These data
were joined by assigning the asset data from the principle
household to land use data at the property level. Of the original
499 properties only 420 contained full data on all household
assets.
Variables and classifications
The variables used in this analysis and their descriptive statistics
are summarized in Table 1. Given a median property size of 50
hectares across both regions we removed two outliers (> 5000
hectares) from the sample.  
Each household-property was classified under a mutually
exclusive land use category if  more than 75% of the agricultural
area of their property was allocated to that use. The land use
categories include cattle (based on pasture area; n = 134), staple
crops (rice, beans, corn, and manioc; n = 135), specialty crops
(perennials and horticulture; n = 27), and soy (n = 21). Otherwise
the household-property was classified as mixed-crop (n = 48) if
more than 75% of the property was allocated to a combination
of annuals, perennials, and horticulture or cattle-crop (n = 33) if
the combined pasture and crop area exceeded 75% and it did not
fall into any of the pre-existing categories. Properties that met the
pasture area conditions to be classified as cattle or cattle-crop,
but had zero head of cattle in 2006 or 2009 were classified as other-
livestock (n = 22). Properties that allocated more than 75% of
their land to forest management (n = 2), including plantations,
secondary, and primary forest, or derived more than 75% of their
sales revenue from nontimber forest production (n = 7) were also
excluded because of small sample sizes. The remaining 23
properties that did not meet any of the above criteria were omitted
from the land use classification resulting in 420 observations.
Given the very large farm sizes of cattle producers, pasture was
the most expansive agricultural land use across the case study
regions, occupying 73% of the agricultural area. Soy, staple, and
specialty crops occupied 15%, 11%, and 0.7% of the agricultural
area, respectively. The land use distributions captured in our
sample are representative of broader patterns within each
municipality (IBGE 2006, 2016).  
Farm, forest, and off-farm income are calculated separately and
presented in U.S. dollars (US$) using an average rate of exchange
of 0.60 Brazilian Reais per US$ during 2010 and 2011. Farm
revenues include annual sales of agricultural products and
animals. Farm expenditures include the operating costs of
machinery, property maintenance costs, input costs, e.g. feed,
fertilizer, and seeds, and wage labor costs. Missing prices for all
products were obtained by market interviews. Net farm income
for 2009/2010 is calculated by subtracting farm expenditures from
farm revenues, except for cattle ranching, which also included
costs and revenues over the three-year life-cycle of the existing
herd and was then annualized, because many households were
engaged only in cow-calf  production or were in the process of
rebuilding the herd for stocker (postweaning) production (see
A2.1). In the models presented in the main text we do not include
the costs of unpaid family labor because local agricultural wages
do not reflect the true opportunity costs of this labor in poor
agrarian regions (Bardhan 1979). Similarly, we do not include the
value of products consumed at home as farm revenues because
we did not collect data on this and using unsold products as a
proxy for household consumption would likely overestimate the
value of these products. Income from forest products is calculated
as the sum of charcoal and nontimber forest products sales.
Timber sales are excluded from the calculation because of a lack
of reliable data on this activity and the widespread occurrence of
illegal practices. Off-farm income is the sum of wages from off-
farm employment, remittances, and conditional cash transfers.
Given a mean per hectare income of US$1200 we removed four
outliers (< US$10,000 or > US$20,000 per hectare) from the
sample.
Analysis
To assess how farm income differs across land uses (Q1) we used
one-way Analysis of Variance (ANOVA) and Tukey’s post-hoc
tests. When significant differences in per hectare income among
land uses were identified using an ANOVA test, we applied
Tukey’s post-hoc tests to assess differences between each pair of
land uses.  
To understand how property-household attributes influence land
use (Q2) we used a multinomial logit model (Wooldridge 2010): 
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where i is a property-household, j is a land use alternative, yi,j is
the log[prob (i devoted to land use alternative j)/prob (i devoted
to comparison use), Zi is a set of property-household attributes
(Table 1), F is a municipality dummy variable, and εi,j is the error
term. The theoretical model and justification for this model type
are explained in A2.2. We do not include input prices as an
additional determinant of land use because farmers were less able
to recall these details (rather than overall costs) and where the
data existed they were crude and exhibited a lack of variation
within each study region. Differences in producer prices are
captured by distance to town centers. We also exclude data on
soil, slope, and elevation because it was sampled for a small
number of transects within each watershed and does not
adequately capture property level conditions. α, β, and γ are
coefficients to be estimated and represent the effects on the log-
odds between the alternative j and the base alternative. This model
assumes that a property-household chooses its land use based on
differences in perceived utility, maximizing utility among available
alternatives. Because of the potential feedbacks between assets,
we explored factor analysis but the Kaiser-Meyer-Olkin score of
0.42 and VIF scores < 1.5 for all assets suggested that there was
not enough correlation between assets to warrant such an
approach (A3.1).  
To understand the determinants of subjective well-being (Q3) we
utilized an ordinal logistic (or ordered logit) model to examine
the relative importance and potential causal relationships
between subjective well-being and income, land use, and
household attributes. Perceived life quality can be measured as
the response to a single question about life satisfaction or as an
index of responses regarding satisfaction with a variety of well-
being attributes (Camfield 2006, Davey and Rato 2012). In this
study we utilized a single direct response to the question “What
is your evaluation of your life overall in the region where you
live?” (1 = poor, 2 = okay, 3 = good) as our dependent variable.
We collected data on several other attributes of perceived well-
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being, which were all significantly correlated with perceived life
quality, except for perceived quality of education services (A3.4).
We concluded that none of these other variables better
approximated perceived life quality than the single direct question
about satisfaction with life overall so our well-being models focus
on this metric. We also asked farmers to evaluate “opportunities
for work locally” and “opportunities for work in the city,” which
we report in the results.  
The ordinal logistic econometric model (Wooldridge 2010) is as
follows: 
 =  +	 + 
 + 


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where yi is the latent (unobserved) measure of the subjective well-
being (perceived overall life quality) of a given property-
household i, LUi are a set of categorical variables indicating the
land use activity each household-property pursues, Ii represents
farm, forest, and off-farm income as separate variables in model
1 and income diversity in model 2, Zi and F are the same as above,
and εi is the stochastic error term. More details on the theoretical
model can be found in A2.3. We also examine the robustness of
the results to alternate specifications where expenditures are also
included as a determinant of well-being (A3.5). There was some
multicollinearity in the model resulting from the association
between assets and land use, but the VIF of all variables was < 1.9.
RESULTS
Differences in farm income across land uses (Q1)
Specialty crop systems, i.e., perennials and horticulture, provided
significantly higher per hectare returns (+1300%) than livestock
systems (Fig. 3; A3.2-A3.3), and +200% higher returns than soy,
staple, and mixed crop production. Staple crop systems were also
associated with significantly higher per hectare returns than cattle,
mixed cattle-crop, and other livestock systems. There was no
significant difference in per hectare operating costs or labor costs
across different land uses (One-way ANOVA comparing the effect
of land use on per hectare costs, p = 0.18, df = 6, F = 1.5 and
labor costs, p = 0.25, df = 6, F = 1.3).  
The low per hectare incomes of cattle properties stemmed from
low productivity (0.83 head of cattle per hectare), which in some
cases did not even compensate the costs of production. The high
income per hectare for specialty crops derived from the sale of
citruses, pineapple, black pepper, and cucumber, which had high
productivity and prices. Farm income was the largest source of
income for households in our sample (Table 1), yet 75% of
households earned less than US$10,000 per year from agricultural
activities.
Influence of property-household attributes on land use (Q2)
Land use choices were associated with myriad factors: traditional
productive assets (land and machinery), financial capital
(government credit), social and knowledge systems (government
extension and membership in agricultural associations), region
of origin, and proximity to the closest town (Table 2). Households
with more off-farm income had the most diverse systems (mixed
annual, horticulture, and perennial crops). Specialty, staple, and
mixed cropping were significantly more common in small, peri-
urban properties and among households who migrated from the
south of Brazil (Fig. 4). Households that migrated from the
Fig. 3. Farm income (US$/HA) by land use. Farm
income is highest for households specializing in specialty
crop production (mean income = US$3304), followed by
staple cropping (US$1753), and lowest among
households specializing in cattle (US$372) and noncattle
(US$195) livestock production. Soy properties earn
moderate incomes (US$926). The box plots encompass
the first and third quartiles, with the central bar
depicting the median. Outliers greater than 1.5 times the
interquartile range are suppressed. Means with the same
lowercase letter at the top of the graph are not
significantly different at the 95% level, based on post-hoc
Tukey tests.
northeast and/or had on-average larger properties (~300 hectares
of agricultural land, 800 hectares in total), located farther away
from town, and lacked credit and machinery were the most likely
to pursue cattle ranching. Households from the South of Brazil
who had no machinery and did not receive government extension
or belong to agricultural groups were more likely to choose other
forms of livestock, e.g., chickens, pigs, or goats, over cattle. Access
to machinery differentiated mixed crop-cattle properties from
exclusively cattle properties, while access to government credit
was substantially higher among soy properties.
Determinants of subjective well-being (Q3)
Subjective well-being (measured as perceived overall life quality)
was consistently high among households in both study regions,
but significantly higher in Santarém (Santarém: mean life quality
= 2.7 out of 3, equivalent to “good,” GINI = 0.09; Paragominas:
mean = 2.5, GINI = 0.11; A3.4). Neither farm, forest, nor off-
farm income or farm expenditures were associated with higher
perceived life quality, despite being highly unequal within regions
(Table 1). However, income diversity was positively associated
with life quality (Table 3). Perceived life quality was higher among
households that had less remaining forest on their property (a
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Table 2. Results for multinomial logit land use model.
 
Land Use
Cattle-Crop
(n = 33)
Mixed Crop
(n = 48)
Other Livestock
(n = 22)
Soy
Crop
(n = 21)
Specialty Crop
(n = 27)
Staple
Crop
(n = 135)
Off-farm Income 0.07 0.67* -0.44 -0.51 -0.42 -0.13
Family Labor 0.32 -0.01 -0.61 0.4 -0.08 -0.28
Education -0.05 0.05 -0.02 0.9. 0.17 0.02
Female -0.07 0.54 -0.24 17.14 0.33 0.68
Farm Size -0.87 -2.15† -4.19 -0.34 -52.41* -18.51***
Water Access 1.25 -20.68 -18.71 -18.18 -19.91 -21.12
Forest Proportion 0.37 0.21 0.4 -0.35 0.16 0.25
Machinery 1.5* -0.36 -2.14* 16.97 -0.87 -0.43
Govt. Credit 0.27 -1.13 0.17 1.47 0.91 -0.21
Govt. Extension -0.34 0.68 -1.89† -0.87 -0.34 0.18
Agric. Associations 0.21 0.11 -0.77† -0.03 -0.39 -0.47*
Definitive Land Title -0.19 0.26 0.32 0.92 0.87 0.31
Origin - South 1.68 2.83* 4.34** 2.33† 5.6*** 2.55*
Origin - Northeast -0.29 -0.99† -1.23 -16.39 -0.37 -1.72***
Origin - Southeast -23.14 -22.77 -20.39 0.83 -18.8 -0.46
Residence Time 0.22 0.08 0.38 -0.89 0.06 0.17
Distance to Town -0.04* -0.06*** 0.03 -0.01 -0.08** -0.05***
Santarém -0.72 0.12 -0.96 0.09 0.2 0.29
Total # of observations 420
Reference case "Cattle" n = 134
McFadden R2 0.30
Log-Likelihood -360.51
Likelihood ratio test: chisq 362 (p-value = < 2.22e-16)
Notes: Results presented in the table are the regression coefficients resulting from equation 1.
† indicates significance at the 90% level, * = 95% level, ** = 99%, and *** = 99.9%.
Fig. 4. Land uses and their correlates. Selected significant
results of the multinomial land use model are presented to
demonstrate major differences in assets and attributes across
households specializing in different land uses, i.e., 75% of their
area is allocated to this land use. Cattle specialization is most
common among households from the northeast and properties
that are large and located farther away from markets. Properties
specializing in noncattle livestock are characterized by a lack of
machinery, extension, and membership in groups.
Specialization in cropping is most common among households
from the south and properties that are small and located closer
to markets. Agricultural group membership differentiates
households that pursue specialty cropping versus staple
cropping.
majority of the on-property forest reserves were secondary
growth), and households pursuing mixed cropping (Table 3).
When other satisfaction measures were not included, households
who resided in their current location a longer time and lived closer
to town had significantly higher perceived life quality (A3.5).  
Perceptions of life quality were closely related to perceived safety
and quality of access to transportation, rather than the quality
of rural or urban work opportunities or access to services, which
were ranked somewhere between “poor” and “okay” (A3.5). The
perceived quality of one’s neighbors was also closely related to
perceived life quality (A3.4). Perceptions of the quality of rural
and urban work opportunities were not significantly correlated
with off-farm income.
DISCUSSION
Our study draws on diverse disciplinary perspectives to give novel
insights into the continued persistence of low income and
environmentally degrading land uses in rural Amazonia, the
promise of specialty cropping on small farms in peri-urban
regions, and the factors that contribute to perceived life quality
in farming communities in these regions. We draw these
conclusions by rigorously testing the causal linkages between
household attributes, land use, and well-being and describing the
broader-scale underlying economic and social processes
influencing these linkages.  
In contrast to recent papers highlighting the demise of
smallholder farming and the increasingly pluralistic and
multilocal nature of livelihoods in the rural south (Rigg 2006,
Padoch et al. 2008, Greiner and Sakdapolrak 2013, Hecht et al.
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2015), we find that farmers in our study region are still primarily
engaged in farming activities as their dominant source of income,
and many successful examples of small-scale farming exist.
However, the expansion of profitable land uses (horticulture and
perennials) continues to be limited by lagging supply chains and
the fact that agricultural income is not a primary source of
perceived life quality. Instead, well-being in the study region is
highly influenced by the nonmonetary outcomes associated with
a rural lifestyle, including safety and good community relations,
and the longer term economic and social benefits associated with
the accumulation of land and cattle.
Table 3. Results for ordered logit subjective well-being model.
 
Model I II
Other Satisfaction Measures
Safety 0.87*** 0.91***
Neighbors 0.77* 0.69*
Transportation 0.44* 0.46*
Monetary Outcomes
Farm Income -0.39 --
Forest Income 0.55 --
Off-farm Income -0.11 --
Income Diversity -- 0.40†
Land Use
Cattle -0.36 -0.46
Cattle-Crop 0.41 0.27
Mixed-Crop 1.55* 1.24*
Staples -0.04 -0.17
Soy 0.85 0.52
Specialty 0.14 -0.01
Household Attributes
Family Labor -0.03 -0.06
Education -0.12 -0.11
Female -0.58 -0.63†
Any Machinery 0.20 0.19
Farm Size 0.99 0.48
Water Access -0.46 -0.22
Forest Area -0.33† -0.33†
Govt. Credit 0.07 0.00
Govt. Extension 0.22 0.23
Agric. Association 0.10 0.08
Definitive Land
Title
-0.28 -0.36
Origin - Northeast 0.25 0.26
Origin - South -0.41 -0.33
Origin - Southeast 0.65 0.78
Residence Time 0.22 0.16
Distance to Town -0.01 -0.01
Santarém 0.39 0.44
 
AIC 470 462
Log-likelihood -203.96 -203.45
Notes: Results presented in the table are the regression coefficients
resulting from equation 2. The dependent variable is perceived life
quality. Model I includes levels of income as an explanatory factor,
while model II includes income diversity. n = 328;
† indicates significance at the 90% level, * = 95% level, ** = 99%, and
*** = 99.9%. Appendix Table 3.5 includes additional models.
The persistence of low-income ranching in Amazonia
Although much of land change science focuses on the assumption
that land use activities are motivated by income maximization,
the drivers of cattle ranching are recognized as being substantially
more complex. The existing literature identifies low labor
requirements, cost, and risk, as well as speculative and cultural
value as factors influencing decisions to pursue cattle ranching.
Yet, in our sample, the per hectare operating and labor costs for
cattle properties were not statistically lower that other land uses,
despite providing significantly lower farm incomes. Still, the on-
average larger farm sizes and very low per hectare incomes
generated by cattle ranchers in our sample do support the
narrative of ranching as an “unproductive profit-seeking”
mechanism to maintain control over large areas while awaiting
infrastructure developments and higher land prices (Hecht 1993,
Bowman et al. 2012).  
Yet, a majority of the cattle-focused properties in our sample do
not have large agricultural areas (< 50 hectares) and still engage
in extensive cattle ranching, earning low per hectare incomes
relative to cropping. For these smaller ranchers the cultural value
of ranching and its social embeddedness (Hoelle 2011) is a more
potent explanation of land use choices. Households that migrate
from the northeast, who are often of Portuguese and Spanish
descent, are significantly more likely to pursue ranching. In
contrast households that migrate from the south, who are mainly
of German and Italian origin, tend to pursue cropping or other
forms of livestock production. Over 88% of cattle-focused
properties participate in at least one agricultural association,
which may increase the persistence of this land use by providing
a sense of community and enabling better credit and market
access.
Specialty and mixed cropping as a pathway to higher incomes for
small farmers
Our study provides a glimpse into the promise of specialty and
mixed cropping for increasing incomes on small farms. Citrus,
black pepper, and vegetable production all provide up to 10 times
higher returns than other land uses. Even staple cropping (bean,
rice, and manioc production) provides significantly higher returns
than cattle and mixed cattle-crop production. In contrast, soy
production provides only moderate incomes and sustains itself
through economies of scale.  
The use of specialty, staple, and mixed cropping as the primary
farm activity was most common on very small farms located in
peri-urban areas among farmers who migrated from the south.
Because of their background from a region where small farms
and annual cropping are substantially more common and their
location in relation to expanding urban markets, these farmers
are likely characterized by an entirely different set of cultural
preferences, experiences, and incentive structures. For example,
earlier studies in the study region linked specialty crop production
to an “economy of affection” among women (WinklerPrins 2002,
WinklerPrins and De Souza 2005). Yet, unlike these studies, we
find that fruit and horticulture products grown by households in
our sample were largely sold, not gifted, and play a large role in
generating income. Additionally, gender did not explain
specialization in fruit or horticulture production.  
Although specialty cropping may be a culturally appropriate and
potentially economically appealing land use for small farmers
located close to urban areas, it will likely remain limited in more
remote regions of the Amazon because of inadequate processing,
storage, and supply infrastructure and high costs of
transportation (Dinham 2003, Pereira et al. 2016). Moreover, the
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high start-up costs associated with fruit and horticulture systems
may be too high for farmers to afford or accept despite their long-
term potential profitability (Simon 2008). Even in urban areas
the expansion of specialty cropping is not without risks. For
example, the application of pesticides and other chemical inputs
will likely increase because fruit and vegetables are highly
susceptible to pests (Dinham 2003, Simon 2008). If  access to more
distant markets remains limited, then increased local production
of fruit and vegetables could outpace growth in demand, leading
to a reduction in the price of these goods. On the other hand, such
a reduction in the prices of fruits and vegetables could benefit the
urban poor (Midmore and Jansen 2003).
The complex determinants of subjective well-being
Our analysis provides empirical evidence that income is not an
adequate proxy for rural well-being in Amazonia (Macdonald
and Winklerprins 2014), because neither on- or off-farm income
were associated with higher perceived life quality. The disconnect
between the income associated with land uses and its value to
farmers may help explain why higher income land uses, specialty
and staple cropping, are not associated with higher perceived life
quality and why ranching, a low income land use, remains highly
prevalent. Only mixed cropping, which falls somewhere in
between ranching and specialty cropping in terms of abundance
and profitability, investment costs, and risk, is associated with
significantly higher perceived life quality. This implies that there
are trade-offs between the nonmonetary benefits, long-term
payouts, and annual incomes associated with different land uses.  
Elsewhere in the rural south, studies have noted a process of
“deagrarianization” and trends toward multilocality and pluri-
activity among rural and urban areas, whereby farming activities
have become less important to rural livelihoods (Rigg 2006,
Greiner and Sakdapolrak 2013, Hecht et al. 2015). In our study
region only 27% of households received income from off-farm
employment and 7% received remittances. In fact, 65% of the off-
farm income was from rural, not urban, employment
opportunities, most commonly, housecleaning, as found
elsewhere in Brazil (da Silva and Del Grossi 2001), though taxi-
driving, working on neighboring farms, and agribusiness services
were also noted. Roughly 22% of households received some level
of income from forest products, most commonly açai palm fruit
and Brazil nuts, but there was little overlap between households
with off-farm and forest income (only 14% of households had
farm, forest, and off-farm income). Nevertheless, those with
higher income diversity did report higher perceived life quality,
likely because diversity helps to reduce intra- and interannual
income variability and risk (Ellis 2000, de Sherbinin et al. 2008).
Income diversification into nonfarm activities among farm
households is thought to be particularly appealing as wages in the
nonfarm sector grow (Ellis 2000). However, opportunities for
income diversification may be limited for families living in more
remote regions of the Amazon (Jonasson and Helfand 2010),
further cementing reliance on extensive cattle ranching.  
Feeling secure and liking one’s neighbors were strongly associated
with higher perceived well-being. This suggests that a person’s
current condition relative to their past, is more important than
any objective measure of their current condition, including
income (Knight et al. 2009). For example, migrants from urban
areas perceive countryside living as desirable because of its
increased safety and calm compared with city life and focus less
on the income generated from their agricultural activities
(Macdonald and Winklerprins 2014).  
Finally, differences in natural capital were also associated with
differences in perceived well-being. Having a larger farm size and
a larger proportion of the farm cleared (a smaller forest reserve)
were both associated with higher perceived well-being, likely
because they enable higher overall income and a greater range of
land use and speculative possibilities, especially in the context of
increasing restrictions on deforestation.
Implications for improving environmental and agricultural
conditions in the Brazilian Amazon
The complexity and heterogeneity of the patterns, drivers, and
outcomes of different land use in agricultural-forest frontier
regions such as Amazonia highlights the urgent need for
environmental and development policies that are better tailored
toward the asset conditions and social preferences that influence
the types of activities that farmers engage in, while also
highlighting the pitfalls of focusing development and
environment policies exclusively on monetary outcomes
(Angelsen and Wunder 2003, Kingdon and Knight 2006, Eriksen
and O'Brien 2007). Yet, most policy instruments aimed at
smallholders in this region focus on the provision of subsidized
inputs, credit, and insurance to address market failures and
promote specific crops (Hazell et al. 2010), rather than building
up the capacity of farmers and local communities to engage in
more locally appropriate production practices (see A1.2 for
discussion of rural development policy in Brazil).  
To improve the design and targeting of alternative agricultural
and development policies, we suggest that agricultural census data
could be used to gather data and classify regions according to
dominant household attributes and land use activities, though
this suggestion is contrary to the direction planned for the next
Brazilian Agricultural Census (Guimarães 2017). Enhanced
diagnostic and planning tools are needed because households
with larger, more remote properties need qualitatively different
types of support than households residing in peri-urban areas
with a small property. Farmers with a cultural preference for cattle
and strong social capital need to be approached by extension
agents and nongovernmental organizations with a different
mindset and potential solutions than farmers with a long history
of cropping. The former may indeed benefit from existing
measures to provide targeted credit and extension to establish
rotational grazing and irrigation to improve pasture quality (see
A1.2). However, farmers with a preference for cropping,
particularly those in more remote regions, would benefit more
from larger-scale efforts to strengthen storage, processing, supply
chains, and cooperative structures for high value crops. In
particular, the profitability and attractiveness of crop production
systems would be strengthened by directing more resources
toward supply chain development for fruit and horticulture
products, which generate 200–1600% more income per hectare
than any other land use system in our study. Reaching regional
or national markets will be critical to avoid local market saturation
for these products.  
Most successful cases of fruit export in the Amazon, including
some fruits that now have global markets, have occurred in places
where effective cooperatives have been created, backed by strong
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social cohesion and cultural identity (Piekielek 2010). Fostering
these conditions is essential for any effort seeking to replicate such
success stories. This more nuanced approach to detecting the
attributes of households that define what is cultural appropriate
and economically feasible would result in an improved regional
typology of rural households beyond “small” or “family,” as has
been advocated by previous studies in the Global South (Reardon
and Vosti 1995, Sunderlin et al. 2005, da Silva 2009, Medina et
al. 2015).  
In addition to improving the mechanisms by which household
needs are assessed, policy makers should pay more attention to
the diverse and changing social objectives of rural households
(Pannell et al. 2006, Greiner et al. 2009, Key and Roberts 2009).
Existing attempts at cattle intensification via pasture recuperation
and crop integration throughout Brazil have been held back, in
part, by a failure to appreciate the importance of cultural barriers
and create knowledge systems that effectively communicate the
financial viability and technical specifications of these systems
(Gil et al. 2015). Similarly, throughout the tropics the success of
organizations aiming to reduce fire usage has been limited by a
failure to frame the problem in ways that make sense to local
people (Carmenta et al. 2011, 2013, Clark et al. 2011). Thus, we
emphasize here that future interventions to promote higher
income, lower environmental degradation agricultural activities
must focus on “local projects, not projects for locals” (Pokorny et
al. 2005:438), harnessing the strengths of social networks and
informal knowledge, rather than disseminating land use
information via a top-down “technology transfer” approach.  
Finally, we suggest that promoting win-win outcomes at the
conservation-development nexus in Amazonia has proven elusive
(Wunder 2001) because the development component has focused
too heavily on income objectives. Agriculture continues to be an
important part of rural livelihoods in the Brazilian Amazon, but
not necessarily because of its income generating capacity.
Although a baseline level of income is clearly necessary to meet
certain objective needs (food, shelter, energy, etc.), other
objectives can have a strong influence on land use decisions, such
as safety and social status. Thus, policies based solely on raising
incomes may lead to unintended environmental and social
consequences, including rebound effects on deforestation and
increased social inequality. Instead, it may be more fruitful to
focus future development and environment programs on coupling
conservation objectives with investments in household assets,
particularly health and education, as well as novel mechanisms
to promote social status based on the sustainability of land use
activities.
CONCLUSIONS
Despite growing agricultural exports that have given rise to
expanded market opportunities for some farmers, low incomes
and environmental degradation remain pressing challenges in
agricultural-forest frontiers throughout the world, particularly in
regions dominated by cattle ranching. These challenges raise the
question of how to transition more farmers away from lower
income and environmentally damaging activities toward
alternatives that both conserve nature and improve well-being,
including potentially abandoning agriculture altogether. In our
study region in the eastern Brazilian Amazon, farming remains
the largest source of income amidst major changes in the
surrounding region, including urbanization, migration, and wider
globalization processes. In this context, we find that opportunities
to generate higher income on small properties through specialty
cropping exist, but are impeded by lagging supply chain
infrastructure. Similarly, opportunities to improve the
productivity of larger scale ranching through better management
are now abundant, but slowed by a lack of machinery and the
fact that generating high annual revenues is not the primary
objective of cattle ranching as a land use. In both cases asset and
access deficiencies and nonmonetary aspirations are mutually
enforcing conditions that explain why lower income land uses
persist in agricultural-forest frontiers.  
Given the low quality of life in many urban areas and the relative
affordability and tranquility of a rural lifestyle (Macdonald and
Winklerprins 2014), it is worth exploring major amendments to
the focus and targeting of agricultural policies and programs in
the Brazilian Amazon, rather than abandoning land-based
development altogether (e.g. as suggested by Rigg 2006
elsewhere). Our research suggests that past efforts to promote
changes in land use in the Brazilian Amazon have been stymied
by a mischaracterization of well-being in purely economic terms
and a misunderstanding of the factors that motivate farmers’
decisions including social context, nonmonetary objectives, and
asset and access limitations. In the future, households should be
identified and discriminated based on a broader set of attributes
than are traditionally applied. Decision makers should work
closely with local communities to frame “development” goals with
a better understanding of households’ nonmonetary objectives.
Future research to aid these policy efforts in the Brazilian Amazon
should focus more attention on the causal pathways and
interdependencies between farmer assets, preferences, and
activities as much as the endpoints of environmental degradation
and development.
Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/9364
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Appendix 1. Supplementary text on case study selection and policy landscape for Garrett et al. 
“Explaining the persistence of low income and environmentally degrading land uses in the 
Brazilian Amazon.” 
 
A1.1 Case study selection 
Santarém and Paragominas were chosen for this study because they are fairly 
representative of the dynamic and diverse agricultural-forest frontiers found throughout the 
Brazilian Amazon (Valentim and Garrett, 2016). In these two regions export-oriented soy 
production has been introduced into a region long inhabited by staple, fruit, and horticulture 
producers and cattle ranchers, resulting in a wide array of agricultural activities. Both regions are 
relatively consolidated, with decreasing, but persistent rates of deforestation of primary vegetation. 
There is a mixture of private property and land in agrarian reform settlements and a wide range of 
farm sizes. Both regions have seen in-migration from all regions of Brazil and of farmers with very 
different socioeconomic backgrounds and assets. Yet Santarém and Paragominas have slightly 
different histories. Santarém, is a much older city, once the center of pre-Colombian civilization 
founded in 1661, while Paragominas was founded in 1959 (Gardner et al., 2013). Santarém is the 
site of a major soybean export terminal, while Paragominas is a hub for cattle ranching and an 
expanding silviculture sector. This diversity in backgrounds, assets, and land uses, both within and 
between regions, provides an ideal setting for statistical analysis.  
Nevertheless, these two regions are unique in terms of the high level of attention they have 
received from environmental non-governmental institutions. In 2004 Santarém became an 
international icon of Amazonian deforestation for soybean production when the Cargill soybean 
terminal was built there (Greenpeace, 2006). A few years later Paragominas was placed near the 
top of the government’s “blacklist” of municipalities with extremely high deforestation rates. 
Counties on the blacklist were prohibited from accessing agricultural credit until they reduced their 
deforestation levels. Both municipalities are now undertaking ambitious private-public 
partnerships to reduce deforestation for agriculture. In Santarém a partnership between the Nature 
Conservancy and Cargill has focused on improving the sustainability of soybean production and 
reducing deforestation (Garrett et al., 2013). The Município Verde (Green County) initiative in 
Paragominas has focused mainly on improving cattle production systems, particularly on large 
properties (Viana et al., 2016). The novel environmental governance initiatives present in these 
regions have engaged local farmers’ groups and governments in a discussion around improved 
land use sustainability and aided our ability to conduct surveys in the region (Gardner et al., 2013). 
They have also created a community through which results of our analysis can be communicated. 
Thus, while both of these regions represent fairly unique cases in terms of their political context, 
they are important for study because they have substantial promise to achieve meaningful change 
in land use outcomes and may serve as a useful example for other regions in the Amazon.  
 
A1.2 Existing Brazilian agricultural and environmental policy  
The Brazilian government has invested heavily in the expansion and modernization of 
Brazilian agriculture since the 1970s through several different policy mechanisms. The bulk of 
support for producers stems from the National Rural Credit System, which provides low interest 
loans for all aspects of farm production including operation, storage, maintenance, and investment 
(Garrett and Rausch, 2015). Minimum price supports have been established for certain crops, such 
as soybean and corn, and the government will purchase grains from farmers at this minimum price 
when market prices plunge (Damico and Nassar, 2007). The government also supports agriculture 
through research and development led by the Brazilian Agricultural Research Corporation 
(EMBRAPA).  
  2 
There are a number of federal agricultural policies and programs designed specifically to 
support “family-farmers”, extractive families and artisanal fishers in the country. Brazilian law 
11,326 defines small family farmers as farmers who possess up to 400 hectares; use predominantly 
family labor in the economic activities of their farms; and rely primarily on farm activities for their 
household income. In 2006, family farmers accounted for 84% of the number and 24% of the area 
of the rural establishments (IBGE, 2006). The National Program for Strengthening Family 
Agriculture (PRONAF) provides subsidized rural credit for individual or collective projects that 
generate income for family farmers and agrarian reform settlers. The program has the lowest 
interest rates of any source of rural financing (~1%) in the country and covers both costs and 
investments in farm management and value added activities. PRONAF is linked to the technical 
assistance programs because upon being funded families are supposed to contact a state Rural 
Technical Assistance and Rural Extension agency to obtain a Declaration of Fitness for PRONAF 
(DAP). For beneficiaries of land reform and agrarian credit, the farmer must seek approval from 
the National Institute of Colonization and Agrarian Reform (INCRA) or the State Technical Unit 
(UTE). In 2010, the President of Brazil approved Law 12,188, which established the National 
Policy of Technical Advisory and Extension Services for Family Agriculture and Agrarian Reform 
(PNATER). The goal of this policy is to improve family farmers’ food security and wellbeing, 
increase agricultural production, and conserve the environment through the provision of 
“participatory, multidisciplinary, equitable, and culturally appropriate” public advisory and 
extension services. This Law allows the government to make contracts with public, private and 
non-profit organizations accredited by the State Councils for Sustainable Rural Development, or a 
similar body for the provision of advisory and extension services (Brasil, 2010). In 2013, Brazil 
also passed Law 5,740 to create a National Agency of Technical Advisory and Extension Services 
(ANATER) with the goal of implementing the policies related to rural advisory and extension 
services for sustainable development. The government helps reduce risk for family farmers 
through the Insurance for Family Farmers (SEAF) program. SEAF provides insurance to farmers 
who adopt technologies that conserve natural resources on the farm and reduce their vulnerability 
to climatic fluctuations. Finally, Brazil’s Program for the Sustainable Development of Rural 
Territories (PRONAT) creates new “Territories of Citizenship” to help define the needs of each 
territory. This policy mechanism is a promising vehicle for the improved asset classification 
system proposed in the main text. Despite the abundance of policies designed to help poor farmers, 
the reach of most programs is limited and few farmers outside of the South receive services.  
Farms in the Legal Amazon region of Brazil are required by the Forest Code (Law 12,651) 
to set aside 80% of their forest area as a Legal [conservation] Reserve (although an amnesty is 
provided to many properties that cleared more than 80% of their original forest prior to 2008). 
Riparian areas and steep slopes must also be conserved in Permanent Preservation Areas. In the 
Cerrado portions of the Legal Amazon, the law requires 35% of the land to be conserved in the 
Legal Reserve. In the Campos Gerais of the Legal Amazon and other biomes the law requires 20% 
of the property to be protected. The Forest Code is enforced directly through fines for illegal 
activity, but also indirectly through restrictions on access to credit where producers are not in 
compliance (Garrett et al., 2013). In 2013 the Federal Government also launched a program 
requiring all farmers in the country to become registered in a Rural Environmental Registry (CAR), 
expanding what was once a program limited to states such as Pará and Mato Grosso. The goal of 
the program is to identify what steps need to be taken to bring properties into compliance with 
existing environmental regulations. Possession of a CAR will become a prerequisite for obtaining 
federally subsidized agricultural credit throughout the country, as it already is in the Amazon 
biome. 
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Appendix 2. Supplementary text on methods for Garrett et al. “Explaining the persistence of low 
income and environmentally degrading land uses in the Brazilian Amazon.” 
 
A2.1 Calculation of income and life cycle revenue stream for cattle 
Net income from cattle production was calculated using a net present value approach.  
We use this approach rather than a current snapshot based on cattle sales because a majority of 
cattle farms sold only 10% of their heard during 2010 and most herds were comprised largely of 
calves and juveniles, rather than adult cattle. The most common sale age for cattle in the region 
is 36 months, so most of the farms with high proportions of calves and juveniles and would not 
be selling their cattle for another one to two years. Our equation for this calculation is as follows: 
 
𝑵𝑷𝑽 = 𝐏𝟐𝟎𝟏𝟎,𝐢 × 𝑺𝟐𝟎𝟏𝟎,𝒊 − 𝑪𝟐𝟎𝟏𝟎,𝒊 +
𝐏𝟐𝟎𝟏𝟏 × 𝑺𝟐𝟎𝟏𝟏 − 𝑪𝟐𝟎𝟏𝟎
𝟏 + 𝒓
+
𝐏𝟐𝟎𝟏𝟐 × 𝑺𝟐𝟎𝟏𝟐 − 𝑪𝟐𝟎𝟏𝟎
(𝟏 + 𝒓)𝟐
 
 
where r is the interest rate, assumed to be 5%, Pyear,i is the cattle sale price in 2010, 2011, and 
2012 received by each property-household, S2010,i is the reported number of cattle sold in 2009, 
S2011,i is the number of male and female juveniles reported on the property, and S2012,i is the 
number of male and female calves reported on the property. This calculation assumes that 
juveniles need on average 12 more months to mature before being sold and calves need 24 more 
months.  It also assumes that all males and females are sold, rather than being kept for breeding. 
Total operating costs for the entire herd are assumed to be static across all three years (C2010) 
because we lack any method to refine cost estimates in future periods. The price for each 
property-household in 2010 was obtained directly from the survey. Average local prices in 2010, 
2011, and 2012 were obtained from local experts. We estimated prices received by each 
property-household in 2011 and 2012, by adding the % increase or decrease in the average local 
market price for cattle in 2011 and 2012 to the prices received by each farm in 2010. Off-farm 
income includes remittances, wage labor, and conditional cash transfers. We do not deduct 
household expenditures. 
 
A2.2 Determinants of land use  
To understand how assets influence land use choices among our households we use a 
multinomial logit model (Wooldridge, 2010). We assume that farmers choose their land use 
strategies seeking to maximize utility (subjective wellbeing) from available alternatives. Net 
benefits, B, for the farmer i using the alternative j (i.e., one of the five land uses) are assumed to 
be a deterministic function of the set of conditioning assets Z owned by the farmer (Table S1), so 
𝐵𝑖𝑗(𝑍). 
The expected utility U of a given alternative j is a function of the benefits of such assets, 
𝑈 (𝐵𝑖𝑗(𝑍)), and can be decomposed into deterministic and stochastic elements, given by: 
 
𝑈(Bij(Z))= 𝑓𝑖𝑗(Z)+εij ∀𝑖=1,⋯, 𝑁 ; ∀𝑗=1,⋯, 𝐽, [1] 
 
where 𝑓𝑖𝑗(𝑍) is a deterministic function of farm assets, 𝜀𝑖𝑗 is a random variable representing 
unobserved farm attributes. 
It is assumed that the farmer will continue to use alternative j, so long as the expected utility 
from j is at least as high as another alternative k, such that: 𝑈(𝐵𝑖𝑗(𝑍)) ≥ 𝑈(𝐵𝑖𝑘(𝑍)) ≥ 0. Thus, 
among a sample of N property-households, choosing among j mutually exclusive land use 
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strategies, the probability that a property-household i selects alternative j (over all other 
alternatives), conditioned to Z, can be represented as: 
 
𝑃𝑟𝑜𝑏(y = j)=𝑃𝑟𝑜𝑏(𝑈(Bij(Z), εij) > 𝑈(Bi0(Z), εi0) >, ⋯ , > 𝑈(BiJ−1(Z), εij) >
𝑈(BiJ(Z), εij))  [2] 
 
Equation (2) can be rewritten as: 
 
𝑃𝑟𝑜𝑏(y = j)=𝑃𝑟𝑜𝑏(𝑈(Bij(Z), εij) > 𝑈(Bik(Z), εik), ∀ k = 1, … , J)   [3] 
 
It is generally assumed (McFadden, 1980; Wooldridge, 2010) that the last probability is a non-
linear function G(.) of only Z and the parameters of the linear approximation, βj, j=1,…7, which 
can be subsumed to a J-column matrix, β, such that P(y = j|Z) = G(Z,β). The multinomial logit 
model corresponds to the following specification for G(Z,β): 
𝐺(Z, β)={
exp(Zβj)
1+∑ exp (Zβk)
7
k=1
, if j = 2, … ,7
1
1+∑ exp (Zβk)
7
=1
, if j = 1
  [4] 
So, ∑ 𝑃𝑟𝑜𝑏(𝑦 = 𝑗|𝑍) = 1.5𝑗=1  
In operationalizing this framework we also include other household attributes (C) and a 
regional fixed effect (F) as control variables. All variables included in the model vary by 
individual (i), not by alternative (j).  
The estimated model is:  
 
𝑦𝑖𝑗 =  𝛼 +  ∑ 𝛽𝑗
7
𝑗=1 𝑍𝑖 + ∑ 𝜆𝑗
7
𝑗=1 𝐶𝑖 + 𝛾𝐹 + 𝜀𝑖𝑗   [5] 
 
where 𝑦𝑖𝑗is the log[prob (i devoted to j)/prob (i devoted to the base alternative)]. That is to say 
that the coefficients of one land use strategy – in this case, “cattle” as the land use strategy – are 
normalized to zero. Thus, 𝛽 and 𝛾 represent the effects on the log-odds between the alternative j 
and the base alternative. Finally, estimation of equation 5 is best carried out by maximum 
likelihood (Wooldridge, 2010).  
In choosing a multinomial logit approach over a binary choice model we considered the 
following issues. The binary choice model implies that the unordered response has only two 
outcomes (e.g., Y = 1 for cattle and Y = 0 for all other things). If there are other possible 
different alternatives alongside of the two retained, this model assumes that when an individual 
has to make the choice, he takes his decision without considering any other possible forms of 
land use, or, that is to say, that he considers that all other alternatives may be gathered into Y = 0. 
This can be challenged because the choice of Y = 1 (“cattle”) can be different regarding the 
nature of the other possible alternative. For instance, the choice of cattle is obviously different if 
the farmer has to choose between cattle and soy or between cattle and specialty crops. Therefore, 
the multinomial logit model is preferred to the binary choice model because several different 
alternatives are naturally at stake. In using the multinomial logit the independence of irrelevant 
alternatives assumption, i.e. the relative probabilities for any two alternatives depend only on the 
attributes of those two alternatives, may be questioned. If this assumption is not valid, the choice 
of the multinomial logit model should be challenged and a hierarchical model (e.g. a nested logit 
model) or a conditional probit model should be preferred. However, the multinomial logit model 
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used in this paper is not sensitive to the IIA hypothesis because explanatory variables differ only 
across individuals and not across alternatives (Wooldridge, 2010 – p. 501-504). Finally, the 
multinomial logit model has been used in several prior studies to investigate the determinants of 
land use in the literature (See Chomitz and Gray, 1996; Li et al., 2013; Schuck et al., 2002 as 
examples).  
 
3. Determinants of subjective wellbeing 
To understand how assets, land use, and income influence subjective wellbeing 
(represented here as an ordinal factor variable – “life quality”) we utilize an ordered logistic 
model (McKelvey and Zavoina, 1975): 
 
 𝑦𝑖
∗ =  𝛼 +  𝛿𝐼𝑖 + 𝜂𝐿𝑈𝑖 +  𝛽𝑍𝑖 +  𝜆𝐶𝑖 + 𝛾𝐹 +  𝜀𝑖, [6] 
 
where yi
* is a latent (unobserved) measure of the subjective wellbeing of a given property-
household i, LUi is a set of categorical variables indicating the land use each household-property 
i pursues in terms of land uses, Ii represents total farm income and off-farm income as separate 
variables, Zi, Ci, and F are the same set of variables as above, and εi is the stochastic error term. 
 The relationship between observed life quality, Y, and the latent variable behind the 
reported levels (the true continuous measure of subjective wellbeing), Y*, is as follows 
(Wooldridge, 2010): 
 
If Y* ≤ δ1, then y = 1 
If δ1< Y* ≤ δ2, then y = 2  
If Y* > δ2, then y = 3 
 
With δ1 and δ2 being the cut points on the latent variable behind the choice of life quality levels. 
Thus the probabilities for each of the observed ordinal responses (1, 2, 3) for low life quality, 
moderate life quality, and high life quality, respectively, will be given as: 
 
 P(Y=1) = P(Y*≤ δ1) = P(β’x+ ε*≤ δ1)= F(δ1-β’x) 
P(Y=2) = P(δ1< Y* ≤ δ2) = F(δ2-β’x)-F(δ1-β’x) 
P(Y=3) = 1-F(δ2-β’x) 
 
where F is the cumulative distribution function (CDF) for the stochastic error term ε, assumed to 
follow a logistic function. The unobservable cut points (δ1 and δ2) are estimated together with 
other parameters in the model. If an intercept is appended to the model, it automatically plays the 
role of the cut point. This model assumes that the relationship between each pair of life quality 
outcome groups (e.g. 1 to 2 and 2 to 3) is the same. 
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Appendix 3. Supplementary tables for Garrett et al. “Explaining the persistence of low income 
and environmentally degrading land uses in the Brazilian Amazon.” 
 
Table A3.1:  Correlation table for all explanatory variables analyzed in this study. 
 
Labor Educ. Female Area Water Forest % 
Labor 1 0.17*** 0.08 -0.08 0.13*** 0.07 
Education 0.17*** 1 0.07 0.02 -0.04 0.01 
Female 0.08 0.07 1 -0.07 -0.08 -0.01 
Area -0.08 0.02 -0.07 1 0.04 0.12** 
Water 0.13*** -0.04 -0.08 0.04 1 0.12* 
Forest % 0.07 0.01 -0.01 0.12** 0.12* 1 
Machine 0.01 -0.15*** -0.13** 0.16*** 0.07 0.15*** 
Govt. Credit 0.04 -0.04 -0.13** 0.12* 0.05 0.15*** 
Govt. Assist 0.06 -0.01 0.01 -0.08 0.00 -0.02 
Ag. Association 0.12* 0.07 0.14** -0.06 0.00 0.06 
Defn. Title 0.03 -0.11* -0.02 0.21*** 0.08 0.13** 
Origin-North 0.03 0.04 -0.05 -0.13** 0.01 -0.06 
Origin-Northeast -0.04 -0.04 -0.09 -0.06 0.02 -0.11* 
Origin-South 0.1* 0.06 -0.09* 0.02 -0.06 0.18*** 
Origin-Southeast -0.02 -0.13** -0.09 0.22*** 0.00 0.05 
Residence Time 0.15*** -0.06 0.12* -0.06 0.11* -0.07 
Distance to Town -0.04 0.00 -0.07 -0.01 0.03 0.39*** 
Notes: Results represent Spearman’s rank correlation coefficients. * indicates a significant bivariate correlation at 
the 95% level, ** = 99%, and *** = 99.9%. 
 
 
Table A3.1:  Correlation table for all explanatory variables analyzed in this study, ctd. 
 
Machine 
Govt. 
Credit 
Govt. Assist 
Ag. 
Association 
Definitive 
Title 
Labor 0.01 0.04 0.06 0.12* 0.03 
Education -0.15*** -0.04 -0.01 0.07 -0.11* 
Female -0.13** -0.13** 0.01 0.14** -0.02 
Area 0.16***  0.12* -0.08 -0.06 0.21*** 
Water 0.07 0.05 0.00 0.00 0.08 
Forest % 0.15***  0.15*** -0.02 0.06 0.13** 
Machine 1  0.37*** 0.04 0.13*** 0.18*** 
Govt. Credit 0.37*** 1 0.29*** 0.25*** 0.15*** 
Govt. Assist 0.04  0.29*** 1 0.23*** -0.03 
Ag. Association 0.13***  0.25*** 0.23*** 1 -0.01 
Defn. Title 0.18***  0.15*** -0.03 -0.01 1 
Origin-North -0.07 -0.03 0.08 0.1* -0.03 
Origin-Northeast 0.03 0 -0.05 -0.08 -0.30*** 
Origin-South -0.04 -0.05 0.09* 0.03 -0.15** 
Origin-Southeast -0.13** -0.04 -0.09* 0.03 0.38*** 
Residence Time -0.02 0.08 0 0.21*** 0.28*** 
Distance to Town 0.04 0.15*** 0.27*** 0.06 -0.09 
Notes: Results represent Spearman’s rank correlation coefficients. * indicates a significant 
bivariate correlation at the 95% level, ** = 99%, and *** = 99.9%. 
 
 
 
 
  2 
 
 
 
 
Table A3.1:  Correlation table for all explanatory variables analyzed in this study, ctd. 
 
Origin-
North 
Origin-
Northeast 
Origin- 
South 
Origin-
Southeast 
Residence 
Time 
Distance to 
Town 
Labor 0.03 -0.04 0.1* -0.02 0.15*** -0.04 
Education 0.04 -0.04 0.06 -0.13** -0.06 0.00 
Female -0.05 -0.09 -0.09* -0.09 0.12* -0.07 
Area -0.13** -0.06 0.02 0.22*** -0.06 -0.01 
Water 0.01 0.02 -0.06 0.00 0.11* 0.03 
Forest % -0.06 -0.11* 0.18*** 0.05 -0.07 0.39*** 
Machine -0.07 -0.15*** 0.25*** 0.14 -0.06 0.04 
Govt. Credit -0.03 -0.06 0.11* 0.07 -0.01 0.15*** 
Govt. Assist 0.08 0 -0.05 -0.04 0.08 0.27*** 
Ag. Association 0.1* -0.05 0.09* -0.09* 0 0.06 
Defn. Title -0.03 -0.08 0.03 0.03 0.21*** -0.09 
Origin-North 1 -0.51*** -0.3 -0.23*** 0.07 0.06 
Origin-Northeast -0.51*** 1 -0.16*** -0.12** 0.15*** -0.03 
Origin-South -0.3 -0.16*** 1 -0.07 -0.21*** -0.01 
Origin-Southeast -0.23*** -0.12** -0.07 1 -0.12* -0.09 
Residence Time 0.07 0.15*** -0.21*** -0.12* 1 -0.18*** 
Distance to Town 0.06 -0.03 -0.01 -0.09 -0.18*** 1 
Notes: Results represent Spearman’s rank correlation coefficients. * indicates a significant bivariate correlation 
at the 95% level, ** = 99%, and *** = 99.9%. 
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Table A3.2: Tukey tests for per hectare farm income by land use  
 
Difference (US$) 
Specialty>Other-Livestock 3,109*** 
Specialty>Cattle 3,054*** 
Specialty>Cattle-Crop 2,786*** 
Specialty>Soy 2,246*** 
Specialty>Mixed-Crop 1,848** 
Specialty>Staple 1,551** 
Staple>Other-Livestock 1,558* 
Staple>Cattle 1,503*** 
Staple>Cattle-Crop 1,234* 
Mixed Crop>Cattle 1,206* 
Notes: One-way ANOVA comparing the effect of land use on 
income, p<0.0001, df=6, F= 12.2. # of observations = 420. 
Only significant results reported. 
 
 
Table A3.3: Per hectare farm income by land use  
 
Mean   SD 
 (US$) (US$) 
Other-Livestock (n=22)    195    198 
Cattle (n=134)    250 1,202 
Cattle-Crop (n=33)    518    872 
Soy (n=21) 1,002    477 
Mixed-Crop (n=48) 1,456 2,619 
Staple (n=135) 1,753 2,317 
Specialty (n=27) 3,304 4,585 
 
 
 
Table A3.4:  Correlation table between perceived overall life quality and other measures of satisfaction 
 
Rural work 
quality 
Urban work 
quality 
Transportation Cultural 
activities 
Education Health 
services 
Neighbors Safety 
0.22*** 0.13*** 0.31*** 0.15*** 0.00 0.16*** 0.18*** 0.29*** 
Notes: Results represent Spearman’s rank correlation coefficients. * indicates a significant bivariate correlation 
at the 95% level, ** = 99%, and *** = 99.9%. 
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Table A3.5 Additional results for ordered logit subjective wellbeing model 
 
Model I II III IV 
Other Satisfaction Measures     
Safety   0.87*** -- -- -- 
Neighbors 0.77* -- -- -- 
Transportation 0.43* -- -- -- 
Monetary Outcomes     
Farm Expenditures -0.52 -- -- -- 
Farm Income  -0.43 -0.37 -- -- 
Forest Income 0.58 1.09 -- -- 
Off-farm Income -0.12 -0.08 -- -- 
Income Diversity -- -- -- -- 
Land Use     
Cattle -0.36 -0.26 -0.35 -- 
Cattle-Crop 0.46 0.79 0.69 -- 
Mixed-Crop 1.59* 1.35* 1.09† -- 
Staples -0.02 0.14 0.09 -- 
Soy 0.92 0.95 0.36 -- 
Specialty 0.14 0.22 0.15 -- 
Household Attributes     
Family Labor -0.03 -0.02 -0.01 0.01 
Education -0.13 -0.01 0.00 -0.01 
Female -0.58 -0.48 -0.50 -0.53 
Any Machinery 0.20 0.12 0.10 0.14 
Farm Size 1.22 1.03† 0.53 0.41 
Water Access -0.49 -0.22 -0.17 -0.06 
Forest Area -0.34* -0.29† -0.29† -0.20 
Govt. Credit 0.09 -0.08 -0.09 -0.13 
Govt. Extension 0.21 0.14 0.16 0.18 
Agric. Association 0.09 0.10 0.10 0.12 
Definitive Land Title -0.26 -0.23 -0.3 -0.24 
Origin - Northeast 0.23 0.5 0.49 0.43 
Origin - South -0.35 -0.23 -0.24 0.02 
Origin - Southeast 0.62 0.62 0.69 0.45 
Residence Time 0.22 0.26. 0.24. 0.25. 
Distance to Town -0.01 -0.02* -0.01† -0.02** 
Santarém 0.40 0.53† 0.54† 0.50† 
AIC 472 507 504 501 
Log-likelihood -203.80 -225.47 -226.90 -231.55 
Notes: Results presented in the table are the regression coefficients resulting from 
variations of equation 2, which relates perceived life quality to other satisfaction measures, 
income, land use, and household attributes. It is a supplement to Table 3 in the main text. 
Model I includes farm expenditures as an additional explanatory factor, model II excludes 
other satisfaction metrics, model III excludes income, and model IV excludes land use. n = 
328; † indicates significance at the 90% level, * = 95% level, ** = 99%, and *** = 99.9%. 
 
 
 
 
